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Other Supplementary Material for this manuscript includes the following:
(available at advances.sciencemag.org/cgi/content/full/6/7/eaax9361/DC1) Data S1 (Microsoft Excel format). Raw data for both carbonate samples and standards and CO 2 standards. (TMP 2008.75.127) were recovered from Devil's Coulee (30, 64) . Eggshell fragments identified as a 'lambeosaurine hadrosaur' (TMP 1988.121.41) and Troodon formosus (TMP 1995.21 .4) were recovered from Wann's Hill. An additional Troodon formosus eggshell fragment (TMP 2003.81 .1) was recovered from Lost River Ranch (Table S1 ). The three different Troodon formosus eggshell fragments allow us to compare Δ 47 results from the same taxon across contemporaneous localities that likely experienced similar paleoenvironmental conditions, but possibly different preservation histories. Vitrinite reflectance analyses of the Campanian-Maastrichtian deposits of the southeastern Alberta plains suggest that these sediments were never heated above 80°C (namely, never reached the oil window; ref. (44)). As such, Δ 47 alteration by solid state diffusion is unlikely in these fossil eggshells and associated mollusks fossils (65).
Mollusks shells from the stratigraphically contemporaneous (upper Oldman Formation) sites were also analyzed to characterize paleoenvironmental temperatures. A freshwater gastropod shell (W20) was collected from Wann's Hill (TMP collection, not yet catalogued). A freshwater bivalve was collected from the southern side of the Milk River Natural Area (TMP 2009.149.5) .
Eggshell fragments thought to belong to the oospecies Megaloolithus cf. siruguei (TMP 1991.175.2) were collected from the Tuştea locality, which preserves exposures of the Maastrichtian Densuş-Ciula Formation, in the Haţeg Basin of Transylvania, Romania. The eggshell was preserved in red, pedogenically-modified mudstones preserving caliche nodules. The paleosols at this locality exhibit slickensides and carbonate nodules, indicative of a semi-arid to arid climate characterized by seasonal precipitation (66). The sedimentary sequence at Tuştea is indicative of a braided stream with welldrained over-bank deposits (66). It is unlikely that solid state diffusion affected the preservation of the Magyarosaurus eggshell as the Maastrichtian Densuş-Ciula Formation was buried only up to 500 m for the last 65 Ma (45) and therefore experienced temperatures well below 100°C (assuming an average geothermal gradient (46) of ~25°C/km) over its burial history.
Bulk Trace Metal Concentrations
Carbonate samples were prepared and analyzed for trace elements in a Picotrace Clean Lab at the Yale Metal Geochemistry Center. In preparation for analysis, powdered samples (~6mg each) were weighed into 1.5 ml acid-cleaned centrifuge tubes and then leached by three 0.5 ml steps of 0.35N HCl in sequence, with each leaching step lasting 1 hour, 30 minutes and 10 minutes, respectively. After each leaching step, the sample was centrifuged and its supernatant combined into sample-specific acidcleaned Teflon beakers. After completing the leaching, centrifuge tubes with the leached solid were heated on a hotplate at 60ºC for three days until dry and then weighed to calculate the carbonate leaching yield. The combined supernatants were heated on a hotplate at 100ºC for 12 hours, until dry and then re-dissolved in 5% HNO 3 with a 2ppb Indium spike for trace element analysis. The volume of dilute nitric acid was adjusted for each sample using the carbonate yield data to reach a dilution factor of 1000. These solutions were analyzed by comparison to in-house trace element analytical standards, on a Thermo Element XR ICP-MS. Analytical standard solutions were made in-house using single element standards to match the typical carbonate trace element range. In addition, sample solutions were measured alongside two geostandards, USGS COQ-1 carbonatite and USGS BHVO-2 basalt standard with a Ca spike to match the matrix of our sample solutions. All standard values were within 5% of their expected values. Procedural blanks were below detection limit with the exception of Zn.
CL Images and Color Thresholding Using ImageJ
We estimate the portion of the sample that is affected by recrystallization or over growth using the ImageJ software (67) with a Fiji platform (68) to analyze the CL images. We set a color threshold using hue, saturation and brightness levers, to select and measure only the number of pixels that glow with some yellow in the images (Fig. S5 ). Then using a touch screen computer and stylus, we traced the outlines of the whole eggshell in cross-section to measure the total number of pixels that represent the whole shell. This approach assumes that the image of the shell in cross-section is representative of the composition of the whole shell.
Clumped isotope (Δ 47 ) analysis

Laboratory Protocol and Standardization
Carbonate clumped isotope thermometry is expressed via the parameter Δ 47 that is related to the temperature of CaCO 3 formation and is independent of the isotopic composition of the water in which it forms. Δ 47 is a measure of the thermodynamic preference of two heavy isotopes to bind to each other, reflecting the over-abundance of (mostly) Since there is agreement within the clumped isotope community that reporting Δ 47 values calculated using the Brand parameters for 17 O is preferred, we convert our data (using the equation of ref. (26)) to be based on the Brand parameters, and provide the raw data that will allow future studies to be compared with our results regardless of the parameter set used (see Data S1). The Brand values of Yale internal laboratory standards (YCM, 9-25-G, Cylinder CO 2 ) and heated gases were determined based on averages of these standards when measured together with CO 2 equilibrated with water, that in turn serve to define the absolute reference frame. These values were used to convert sample data to the Brand parameters absolute reference frame (Δ 47(abs) ). The Δ 47 values using Brand parameters for the 3 standards plus the theoretical value of heated gases in the absolute reference frame are 0.396‰, 0.708‰, 0.923‰, and 0.027‰, respectively.
Generally, for samples and standards with δ 13 C and δ 18 O close to that of the reference (working) gas the choice of parameters exerts only a small control on Δ 47 (note that the heated gases used at Yale vary in both δ 13 C and δ
18
O so that this effect is not a simple function of sample δ 13 C and δ 18 O). For example, the absolute Δ 47 values for samples reported here would shift on average by -0.007‰ when switching from the Gonfiantini to Brand parameter sets (raw Δ 47 data using both parameter sets are given in Data S1).
This offset in Δ 47 is close to the typical analytical uncertainty (±1SE; see above). The laboratory precipitation data of ref. (8), on the other hand, shift significantly on average, by +0.021‰, resulting in a mismatch between this calibration and the marine biogenic data after conversion to Brand parameters.
However, due to this mismatch we cannot reasonably use a calibration based on the Brand recalculated laboratory precipitated carbonates to estimate paleotemperatures from biogenic carbonate. We therefore consider three possible Δ 47 -T calibrations for our Brand parameter dataset. The first is a recently proposed universal Δ 47 -T calibration, based on laboratory-precipitated carbonate (75), the second is the linear fit to biogenic carbonate analyzed over the last 7 years at Yale University (∆ 47 = (0.0519) 10 6 2 + 0.1125; Fig. S3B ), and the third is from a recent clumped isotope thermometer calibration using extant large benthic foraminifera (LBF) measured at Yale University (59) and given in the Brand parameter reference frame (∆ 47 = (0.0537) 10 6 2 + 0.09). When using either one of these three equations the change in temperature, relative to the original Gonfiantini parameters, is on average less than 1°C (Data S1). We therefore report our data using the Gonfiantini parameters and the Gonfiantini based Δ 47 -temperature calibration ( Fig. 2 ) from ref. (8) (8, (56) (57) (58) (59) , including our extant eggshells (diamonds), are calculated using either Gonfiantini or Brand parameters, respectively, and shown for comparison. Raw data for both carbonate samples and standards and CO 2 standards used to put sample unknowns into the absolute reference frame, such as heated gases, equilibrated gases and cylinder CO 2 . Raw data is calculated using both Gonfiantini and Brand 17 O parameters, with separate tabs for each as well as separate tabs corresponding to samples, heated gases and other standards. 0.692 ± 0.006 27.5 ± 1.6 *All Δ47abs values calculated using Gonfiantini parameters and reported with ± 1 standard error, whereas δ value averages are reported with ± 1 s.d.
